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Abstract: Antipsychotics are the keystone of the treatment of severe and prolonged mental disorders.
However, there are many risks associated with these drugs and not all patients undergo full therapeutic
profit from them. The application of the 5 Step Precision Medicine model(5SPM), based on the
analysis of the pharmacogenetic profile of each patient, could be a helpful tool to solve many of
the problematics traditionally associated with the neuroleptic treatment. In order to solve this
question, a cohort of psychotic patients that showed poor clinical evolution was analyzed. After
evaluating the relationship between the prescribed treatment and pharmacogenetic profile of each
patient, a great number of pharmacological interactions and pharmacogenetical conflicts were found.
After reconsidering the treatment of the conflictive cases, patients showed a substantial reduction
on mean daily doses and polytherapy cases, which may cause less risk of adverse effects, greater
adherence, and a reduction on economic costs.
Keywords: antipsychotic agents; pharmacogenetics; cytochrome P-450 enzyme system; psychotic
disorders; precision medicine
1. Introduction
The pharmacological tools of the severe mental disorders have been historically scarce until
the appearance of the first antipsychotic, which had been used in surgical practice as a sedative
agent categorized as an antihistaminic (chlorpromazine) [1]. Its application in psychotic patients was
considered a resounding success because of its efficacy on positive symptoms, which led to a drastic
reduction in admissions to mental institutions and in the use of more aggressive therapies such as
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lobotomy or electro convulsive therapy (ECT). These substances were initially defined as “chemical
lobotomies” and had a wide repertoire of extrapyramidal effects, among others [2].
Second-generation anti-psychotics, entail a lower incidence of extrapyramidal side effects [3,4].
Same way as typical antipsychotics, second-generation antipsychotics bind the dopamine type 2 (D2)
receptors, but the latter act selectively on the mesolimbic pathway due to its lower D2 receptor affinity,
avoiding extrapyramidal effects when administered in low doses, and have antagonistic effects on the
5-hydroxytryptamine (5-HT) receptors in the cerebral area, which could explain the improvement in
negative symptomatology and reduced drug-induced extrapyramidal symptoms [5].
However, empiricism continued to be frequent in clinical practice, with therapeutic decisions
based primarily on strategies of trial and error, which prolong the time during which the patient would
not receive effective therapy. This practice tends to result in polytherapy, in an effort to cover the
entire spectrum of receptors when the search for an efficient monotherapy seems to be unsuccessful [6].
Antipsychotic polytherapy, is not supported by scientific evidence and involves a greater risk of side
effects and therapeutic failure [7–10]. Adverse effects of a specific therapy may cause a special impact
on the adherence to the treatment and the therapeutic success [9,10].
Precision Medicine derives from the creation of a diagnostic/prognostic approach, based on
genetic, clinical, and environmental information relative to the patient, that makes possible to forecast
the response to treatment and opt for the optimal therapeutic option [11,12]. The application of such
strategies to routine psychiatric clinical practice may allow solving the problems related to adverse
effects that condition the clinical evolution [13,14]. One of the more widespread hypotheses to explain
this interindividual variable response to treatment directs the question to a pharmacokinetic cause.
Therefore, it is proposed that the metabolism of the neuroleptics administered to the patient could
explain these differences [15–17].
In our environment, the most commonly used atypical antipsychotics are metabolized mainly
through the cytochrome P 450 (CYP450) system [18]. The superfamily CYP450 is a set of highly
polymorphic genes, which suggests a possible strong genetic variability among individuals and,
consequently, a potential strong phenotypic variability, which translates into different enzymatic activity
on the drugs administered to the individual [15,19–22]. In addition, the therapeutic target of these drugs
is found in the central nervous system, meaning they must pass through the blood-brain barrier [23],
therefore, the genes involved in the absorption and transport process should be considered [24]. On the
other hand, some major side effects related to antipsychotic administration could possibly be related to
polymorphism of genes associated with neurotransmitters signaling or catabolic pathways, such as the
cathechol-O-methyltransferase (COMT), and the dopamine receptor (DRD) family [25,26].
Application of precision medicine can help to decrease adverse events; however, so far it
is mostly driven to specific drugs and oriented to genotype of the patient without considering
drug-phenoconversion. This is a phenomenon that could cause genotypic extensive metabolizers
to behave as phenotypic poor metabolizers [27]. In this sense, we have developed the 5SPM (5 step
precision medicine) model [28] that simultaneously evaluates the effects of the pharmacological
drug–drug and gene–drug interaction in the complete polypharmacy context of the prescription of
each patient. The hypothesis of this study is that the application of 5SPM will lead to a reduction in
the dosage of the drug used and in the number of polytherapy cases avoiding adverse effects and
therapeutic failure.
2. Materials and Methods
2.1. Study Sample
A cohort of 188 patients from the psychiatry units of the Complejo Asistencial de Zamora (Zamora,
Spain), Hospital Universitario Rio Hortega (Valladolid, Spain) and Hospital Universitario de Salamanca
(Salamanca, Spain), was used for this study, and was analyzed in the Unidad de Medicina de Precisión
of the latter. Patients gave informed consent for pharmacogenetic analysis according to the ethics
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committee of the Hospital Universitario de Salamanca (CEIC ref.: 107/12/2016). Criteria of inclusion
were listed as: suffering from a prolonged serious mental illness, poor response to conventional
treatment, which eventually results in polypharmacy, with its consequent adverse effects and little
support by clinical guides in the matter. Patients who did not receive antipsychotic therapy and
were under 16 years of age were excluded. Information was collected on the patient’s diagnosis,
current psychopharmacotherapy, and the dose/day used. Likewise, the age, gender, pharmacological
history, and significant adverse effects related to antipsychotic therapy or its interactions with
concomitant therapy that had been recorded in the patient’s medical history were collected. Clinical
and pharmacological data was recorded between 2013 and 2019.
Step Precision Medicine
The 5SPM method consisting of a five-step precision medicine protocol was applied,
including: (1) obtaining of clinical, epidemiological, and therapeutical data, including current
prescriptions, diagnosis and therapeutic response; (2) analysis of pharmacological interactions
based on the drug-specific pharmacokinetic pathways of drugs included in the study by processing
databases such as Pharmacogenomic Knowledgebase (PharmGKB) [29], PubMed-NCBI [30],
Charite’s SuperCYP-Transformer [31], and the Pharmacogene Variation (PharmVar) Consortium [32].
The potential drug—drug and gene drug interaction were analyzed from the previous databases to
evaluate the probability of drug-phenoconversion (3) pharmacogenetic analysis of the genes chosen in
the study. The genetic markers were selected considering the genes that code enzymes involved in
their metabolism (4) correction of pharmacotherapy applied to the patient based on the data obtained
by the previous three steps, resolving those cases in which: one or more prescribed drugs were
metabolized by an enzyme that had an inefficient phenotype, a pharmacological interaction with
influence on the plasma levels of one of the drugs involved was found, or when there was a potential
phenoconversion effect due to one or more of the prescribed drugs, fixing those cases in which, there
was a detriment to the patient; and (5) the study of results and a reassessment of the model by verifying
the evolution of the patients involved (Figure 1, Figure S1). Pharmacogenetic testing (PGx) was
performed using the AmpliChip CYP450 Test (Roche Molecular Diagnostics, Pleasanton, CA, USA) [33],
the Autogenomics platform, MassARRAY 4.2 (Agena, India), and probe-based assays using the
LightCycler platform (Roche Diagnostics, Basel, Switzerland) testing was performed following the
directives of the European Molecular Genetics Management Network for DNA handling, with the
requisite controls. The application of quality norms followed the UNE-EN-ISO 15189:2007 Normative
in the Accredited Section of Molecular Genetics and Pharmacogenetics of the Clinical Biochemistry
Service of the University Hospital in Salamanca. The normative included training and qualification
of personal, preanalytical, analytical and postanalytical control, blinding, repeating measurements,
and internal and external validity.
The genes studied were the ones encoding enzymes 1A2, 2B6, 2C9, 2C19, 2D6, 3A4, 3A5 of
the CYP450 cytochrome family. The CYP450 superfamily is composed of highly polymorphic genes
(see PharmVar.org). The usual approach to the relationship between genotypic variability and the
metabolism of CYP450 substrates is based on the definition of metabolic phenotypes with their
characteristic pharmacokinetic implications based on different genetic mechanisms. Poor metabolizers
(PM) were associated with two inactive alleles. The combination of two reduced-activity alleles
or a reduced-activity with an inactive allele or an inactive allele with an active allele results in an
intermediate metabolizer (IM). An individual with two wt-like alleles was labelled as an extensive
metabolizer (EM). The presence of a duplication in the absence of inactive or reduced activity alleles
results in an ultrarapid metabolizer (UM) [34,35].
Antipsychotic dose comparison was made using chlorpromazine as a reference [36];
chlorpromazine equivalents were calculated by using dose converters to establish a unique
chlorpromazine dose value (mg/day) for each patient, before and after the clinical intervention,
even if the patient was prescribed with antipsychotic polytherapy.
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Figure 1. Practical application of the precision medicine model.
2.2. Statistics
Descriptive statistics were used to determine the central tendency and dispersion. Normality
of the distribution was assessed using Kolmogorov–Smirnov test. Statistical power was calculated
for sample size using Interactive Statistical Calculation Pages. Wilcoxon Paired Signed Test was
used as a paired difference test to determine the difference in distribution of numerical non-gaussian
variables before and after the application of PGx testing (i.e., chlorpromazine dose), Mcnemar Test was
used to determine the paired homogeneity on nominal data. Statistical power calculation to test the
primary hypothesis (reduction of clorpromazine-corrected antipsychotic dose via reduction of each
patient’s daily dose and the number of antipsychotic prescribed) was done assuming a mean initial
chlorpromazine dose of 600 mg/d with an standard deviation of 1050 mg/d and a minimum clinically
important difference of 200 mg/d, obtaining a value greater than 0.80 for an α value of 0.05.
3. Results
3.1. Demographics
The results are presented for a total of 188 patients, whose clinical data were collected between
2013 and 2019. The average age of the total study participants was 47.21 (±12.93) years (24–84),
with 59.57% of the patients being female (n = 112). The distribution in diagnostics is presented in
Table 1; the most common diagnosis was paranoid schizophrenia (Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition, DSM-V, F20), which occurred in 67.02% of the cases (n = 126). Tobacco
smoking was present in 51.38% of the patients (n = 93).
Table 1. Demographic data.
Variable Value
PATIENTS
Total number of patients included: 188
- Average age 47 (±13)
- Male: Female (%) 59.58:37.77




DSM-V * n (%)
DSM-V * n (%)
F03—Dementia 1 (0.53)
F19—Substance-Related Disorder 12 (6.38)
F20—Schizophrenia 126 (67.02)
F22—Persistent Delusional Disorder 2 (1.06)
F23—Brief and Acute Psychotic Disorder 1 (0.53)
F25—Schizoaffective Disorder 13 (6.92)
F31—Bipolar Disorder 25 (13.30)
F33—Major Depressive Disorder 1 (0.53)
F60—Specific Personality Disorders 2 (1.06)
F61—Mixed Personality Disorder 1 (0.53)
F79—Intellectual Disability 2 (1.06)
* All the pathologies are referred to the official standard nomenclature of the Diagnostic and Statistical Manual of
Mental Disorders 5th-edition (DSM-V).
3.2. Pharmacological Interactions
Data on drug prescribing prior to and after pharmacogenetic analysis are presented in Table 2.
A total 343 antipsychotics (Table 2) were prescribed, for an average of 1.82 antipsychotics (range: 1 to 4)
per patient, which in the course of this study and after the pharmacogenetic analysis, were reduced to
239, averaging to 1.27 antipsychotics per patient (range 1 to 3), meaning a 30.32% (p < 0.05) reduction.
20.75% of patients had more than five drugs prescribed, situation that was reduced to 10.64% (p < 0.05)
and 71.28% of patients more than one neuroleptic, which goes down to 26.60% (p < 0.05) after the 5SPM
application. On average, each patient has 14.55 less drugs prescribed and 23.63 less antipsychotics
prescribed after the PGx-guided pharmacotherapy adjustment (Table 3) (p < 0.05).
Table 2. Antipsychotics prescriptions before/after PGx testing.
Antipsychotic Presentation





Paliperidone 18/12 23 */66 *
Quetiapine 71/20
Risperidone 44/2 5/0
PGx: Pharmacogenetic Analysis. * 5 (Before PGx) and 10 (After PGx) patients were prescribed coadjutant
oral Paliperidone.
Two or more drugs mainly metabolized by the same enzyme prescribed to the patients were
considered as an interaction regardless of the number of drugs involved and was counted independently
for each CYP450 member. A total of 173 pharmacological interactions were discovered in the
pharmacotherapy of the sample, including neuroleptics and concomitant therapy, both psychiatric and
non-psychiatric. The cytochrome through which more conflicts occur was CYP3A4 (n = 67), followed
by 3A5 (n = 27) and 1A2 (n = 27). Taking only neuroleptic therapy into account, 78 interactions were
tested, most of which occur through cytochromes CYP3A4 (n = 27), CYP3A5 (n = 27), and CYP1A2
(n = 17). Following the modification of pharmacotherapy motivated by the pharmacogenetic study,
these interactions were reduced to 135 (CYP3A4, 57; CYP2D6, 22; CYP2C9, 19) and 25 (CYP3A4, 10;
CYP3A5, 10; CYP1A2, 5), achieving a reduction in pharmacological interactions of 26.10% (p < 0.05)
and. 67.95% (p < 0.05), respectively (Figure 2).
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Table 3. Drug prescriptions.
Variable Value
DRUG PRESCRIPTIONS (Pre-PGx Testing/Post-PGx Testing)
Total Number of drugs (n): 635/478
- Average drugs 3.67/3.11
- Average Antipsychotics 1.82/1.27
- More than 5 drugs prescribed (% of total) 20.75/10.64
- More than 1 antipsychotic prescribed (% of total) 71.28/26.60
- Average Within-Patient Drug Variation (%) −14.55
- Average Within-Patient Antipsychotic Variation (%) −23.63
Medication classes (% of total)
A. Digestive system and metabolic 7.24/8.55
B. Blood and hematopoietic organs 0.32/0.00
C. Cardiovascular system 0.95/2.14
D. Dermatologic medications 0.00/0.00
E. Genitourinary apparatus and sex hormones 0.63/0.43
H. Systemic hormone preparations excluded hormones 2.68/4.06
J. Anti-infectious in general for systemic use 0.00/0.00
L. Antineoplastic and immunomodulatory agents 0.16/0.21
M. Skeletal muscle 0.00/0.00
N. Nervous system (Total) 87.72/86.74
N1. Antipsychotics 54.02/51.06
P. antiparasitic products, insecticides, and repellents 0.00/0.00
R. respiratory system 0.00/0.00
S. organs of the senses 0.00/0.00
V. various 0.32/0.00
PGx: Pharmacogenetic Analysis.
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Table 4. Infratherapeutic dosage percentage.
Pre-PGx (%) Post-PGx (%)
Amisulpride (<400 mg) 14 86
Aripiprazole (<10 mg) 16 4
Asenapine (<5 mg) 0 0
Olanzapine (<10 mg) 11 45
Paliperidone (<6 mg) 46 72
Quetiapine (<400 mg) 66 95
Risperidone (<2 mg) 6 0
The criteria to decide what was considered to be the “minimum therapeutic dose” was based on their respective
datasheets and the Sthal’s Prescriber Guide. PGx: Pharmacogenetic Analysis.
3.3. Drug-Gene Conflicts
The presence of the alleles listed in Table 5 of the CYP1A2, CYP2B6, CYP2C9, CYP2C19, CYP2D6,
CYP3A4, and CYP3A5 genes was analyzed in the Pharmacogenetics and Precision Medicine Unit of
the University Hospital of Salamanca. Table 6 shows the frequency of occurrence of the estimated
phenotypes from the detection of the different alleles in the sample. Notice that as a Precision
Medicine-approach the model is adapted to the specific situation of the patient. Each patient was
genotyped, selecting in each case the SNPs that could predict the metabolization of the prescribed
therapy. Since each prescription can be different, SNPs can be different between patients.




2C9 *1 (WT), *2, *3
2C19 *1 (WT), *2, *4, *17
2D6 *1 (WT), *2, *3, *4, *5, *6, *7, *8, *9, *10, *12, *14, *17,*29, *41, *46
3A4 *1B
3A5 *3C
Alleles listed using the PharmVar Haplotype nomenclature. *: Allele. WT: Wild Type.
Table 6. Phenotype profile.
n PM IM EM UM HI
CYP1A2 179 - - 13.97%(n = 25)
86.03%
(n = 154)




(n = 83) -




(n = 105) -


















(n = 172) -




(n = 3) -
Allele Frequencies of the sample were similar to the NCBI dbSNP ALFA Project Frequencies [37]. PM: Poor
Metabolizer. IM: Intermediate Metabolizer. EM: Extensive Metabolizer. UM: Ultrarapid Metabolizer.
HI: Higher Inducibility.
J. Pers. Med. 2020, 10, 289 8 of 16
The CYP1A2 gene was studied in 179 patients, with the most prevalent phenotype being HI
(Higher Inducibility) (86.03%, n = 154). Among the 166 patients who were tested for the CYP2B6 gene,
the most common phenotype was EM (Extensive Metabolizer) (50.00%, n. 83). In reference to the
CYP2C9 and CYP2C19 genes (n = 183, n = 186), the majority phenotype was EM (57.38%, n = 105;
47.85%, n = 89). Most patients had an EM phenotype (85.95%, n = 159; 91.49%, n = 172) with respect to
CYP2D6 cytochromes (n = 183) and CYP3A4 (n = 188), and PM (Poor Metabolizer) phenotype (87.85%,
n = 159) was the most frequent with respect to CYP3A5 cytochrome (n = 187).
In total, taking into account the liver metabolism, mediated through the previously mentioned
CYP450 system members, from both antipsychotic therapy (Table 7) [18,31,38] and concomitant therapy,
458 conflicts were discovered between the patient’s prescription and genotype, with most conflicts
associated with concomitant therapy occurring through cytochrome CYP3A5 (n = 57), and those
primarily related to the metabolism of neuroleptics occurring through CYP1A2 (n = 80); taking into
account the minor metabolizers of the studied antipsychotics, the cytochrome with the highest number
of incidences found was CYP3A5 (n = 93) (Figure 3). The number of prescriptions of antipsychotics to
patients with non-efficient metabolic phenotypes is summarized in Table 8. Following the conduct of
the pharmacogenetic study, the total drug-gene conflicts were reduced by 11.02% (p < 0.05), based on
a reduction in conflicts between neuroleptic therapy and the patient genotype of 19.80% (p < 0.05)
considering all possible interactions, and 39.02% (p < 0.05) considering those that had a noticeable
potential impact on the plasma levels of the drug involved. Moreover, with drug-drug interactions,
there were more gene-drug interactions associated with non-psychiatric concomitant therapy.
Table 7. Antipsychotic therapy CYP450-mediated metabolism.
Major Metabolizer Minor Metabolizer Product
Olanzapine ˆ CYP1A2 CYP2D6 *,# Inactive
Aripiprazole CYP2D6 #,‡, CYP3A4 CYP3A5 * Active
Risperidone CYP2D6 # CYP3A4 # Active (Paliperidone)
Amisulpride NO CYP
Clozapine CYP1A2 #, CYP3A4 #,‡ CYP2C19 *
,#, CYP2C9 *,#,





Quetiapine CYP3A4 CYP3A5 *, CYP2D6 *,# Inactive
Asenapine CYP1A2 CYP2D6 † Inactive
Levomepromazine CYP3A4 # CYP1A2 Inactive
* Almost null influence on plasma levels, # substrate inhibition, † suicide inhibition, ‡ inductor, ˆ inhibits CYP3A4.
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Table 8. Number of cases (and percentage of the total of individuals presenting each specific phenotype)
prescribed with and antipsychotic metabolized by an altered pathway.
n before PGx/
n after PGx (%) 1A2 HI 2D6 PM 2D6 IM 2D6 UM 3A4 PM 3A4 IM 3A5 PM 3A5 IM















2 (18.2) 0 (0)/0 (0) - - - -





















1 (16.7) - - - -



















0 (0) 0 (0)/0 (0) - -
HI: Higher Inducibility. PM: Poor Metabolizer. IM: Intermediate Metabolizer. UM: Ultrarapid Metabolizer.
3.4. Clinical Impact
The number of prescriptions for the most widely used atypical neuroleptic drugs, together with
the prescribed minimum, maximum, and mean dose (mg/day), prior to and after intervention using
method 5SPM, are listed in Tables 9 and 10. It is frequent to see doses beyond the recommended upper
limit registered in the pharmacological data sheet of each drug, as frequently prescribe doses were
increased by 20–30% before making the decision of considering the pharmacotherapy as a failure and
choosing other neuroleptic [39]. As can be seen, the prescription of oral drugs whose metabolism is
related to enzymes frequently altered in the study population, is reduced by between 20 and 100%,
in favor of intramuscular prescriptions that either do not have liver metabolism, such as Paliperidone,
which increases by 186.95%, or whose main route of metabolism is associated with an enzyme that
usually has no alterations, such as Aripiprazole, whose prescriptions increase by 100%, predominantly
metabolized by CYP3A4.




















Olanzapine 16.38 2.5 45 10.5 2.5 40 −0.36 0 −0.11
Aripiprazole 14.79 3 30 14.06 3 30 −0.05 0 0
Risperidone 5.39 1 28.33 5.5 5 6 0.02 4 −0.79
Amisulpride 514.29 100 1000 224.57 100 400 −0.56 0 −0.6
Clozapine 325 100 700 253.85 100 400 −0.22 0 −0.43
Paliperidone 7.08 3 14 5.89 3 9 −0.17 0 −0.36
Quetiapine 304.01 10 1200 199.5 40 600 −0.34 3 −0.5
Asenapine 11.75 5 20 10 5 20 −0.15 0 0
Stahl Prescriber Guide dose ranges (mg/d): amisulpride (400–800), aripiprazole (15–20), asenapine (10–20), clozapine
(300–450), olanzapine (10–20), quetiapine (400–800), risperidone (2–8). PGx: Pharmacogenetic Analysis.
To establish comparisons at the prescribed mean dose of antipsychotic drugs, chlorpromazine
was established as a reference drug. The average dose of the different antipsychotics used in the
sample per patient, and the average dose of chlorpromazine associated with them, is shown in Figure 4.
The reduction by 50.88% (p < 0.05) of the mean dose of chlorpromazine per patient in mg/d following
the application of the pharmacogenetic study is noteworthy, as an average each patient was prescribed
36.40 less chlorpromazine-corrected antipsychotic dose (384.94 mg/d) (Table 11) (p < 0.05). Likewise,
the proportion of patients above 800 mg/d was reduced from 34.95% to 1.61% (p < 0.05), and the
proportion of patients below 300 mg/d increases from 15.05% to 33.87% (p < 0.05). A reduction of more
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than 20% in the dose of chlorpromazine was observed in 78.19% of the sample, achieving a reduction
of more than 60% in 23.40% of the sample (p < 0.05).
Table 10. % of prescriptions of the different antipsychotics and presentations.
% Prescriptions PrePGx PostPGx Variation
Olanzapine 29.8 21.3 −28.6
Aripiprazole (Oral) 20.2 11.2 −44.7
Aripiprazole (IM) 6.9 13.8 +100.0
Risperidone 23.4 1.1 −95.5
Risperidone (IM) 2.7 0 −100.0
Clozapine 20.2 13.8 −31.6
Quetiapine 37.8 10.6 −71.8
Asenapine 10.6 8.5 −20.0
Amisulpride 7.4 3.7 −50.0
Paliperidone (Oral) 9.6 6.4 −33.3
Paliperidone (IM) 12.2 35.1 +186.9
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Table 11. Within-patient variation on antipsychotic daily dose.
Excluding Therapy Switches Including Therapy Switches
Antipsychotic Mean Variation (%)(CI 95%) Standard Deviation
Mean Variation (%)
(CI 95%) Standard Deviation
Olanzapine −30.69(−35.34, −26.04) 32.54
−30.75
(−42.43, −19.07) 81.71
Aripiprazole 6.37(−0.24, 12.98) 46.22
−3.22
(−15.19, 8.75) 83.76
Risperidone 0 0 −94(−98.44, −89.56) 31.05
Amisulpride −25(−28.57, −21.43) 25
−39.48
(−51.88, −27.08) 86.73
Clozapine −23.6(−27.51, −19.69) 27.33
−27.54
(−39.87, −15.21) 86.24
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Table 11. Cont.
Excluding Therapy Switches Including Therapy Switches
Antipsychotic Mean Variation (%)(CI 95%) Standard Deviation
Mean Variation (%)
(CI 95%) Standard Deviation
Paliperidone −3.7(−8.32, 0.92) 32.3
40.33
(29.86, 50.79) 73.21
Quetiapine −24.38(−30.38, −18.38) 41.95
−73.2
(−81.04, −65.36) 54.87









Mean relative within-patient difference in daily dose comparing itself before and after the application of the 5-step
Precision Medicine (5SPM) model. CI: Confidence Interval
4. Discussion
A patient with prolonged severe mental illness usually has a heterogeneous and highly variable
symptomatology, including positive, negative, affective, and cognitive symptomatology, which usually
induces the prescriber to opt for the use of the combination of several drugs. However, polypharmacy is
not a practice supported by scientific evidence and often carries an increased risk of adverse effects [8],
which may imply less adherence to treatment and consequent therapeutic failure, with a higher number
of hospital admissions and emergency care, and subsequently increased economic and personal
expenditure [19].
It is necessary to know the adverse effects profile of neuroleptic treatment in order to perform a
risk-benefit balance and thereby facilitate the individualization of the therapy. Polytherapy treatment
is considered “justifiable” by some authors given the presence of a profile of adverse effects that
hinders adherence to treatment by the patient, or that is detrimental to an underlying pathology of the
individual, or when the therapeutic response has not been effective with the antipsychotics available
for the specific case of the subject [40]. Consequently, knowledge of the pharmacogenetic profile of the
patients becomes more relevant, so that monotherapy adapted to their metabolism can predominantly
be applied, suitable for the treatment of symptomatic exacerbations and maintenance, reducing the
presence of adverse effects [15].
This study is a retrospective descriptive analysis of 188 patients suffering from a prolonged serious
mental illness, poor response to conventional treatment, which eventually results in polypharmacy,
to whom the 5SPM model was applied. A PGx analysis was carried out aiming to study the main
cytochromes involved in both the metabolism of the most commonly used atypical antipsychotics
in their clinical centers, as well as in the metabolism of concomitant. It is important to clarify that,
even being the application of the 5SPM Model intended as a multidisciplinary effort, the adjustment
made on these patients’ pharmacotherapy was mediated by the Psychiatry Department, therefore we
discovered more interactions in the sample regarding non-psychiatric concomitanttherapy.
After making corrections on patient pharmacotherapy as part of the 5SPM model, our study
revealed a significant reduction in the mean dose of antipsychotic (approximately 50%), which is justified
both by the reduction in doses of neuroleptic administered, and by the reduction in approximately 60%
of patients receiving two or more antipsychotics.
The pharmacogenetic profile of the population (CYP1A2 HI: 0.86; CYP2D6 EM: 0.85; CYP3A4
EM: 0.91) could explain the need to apply a higher dose with its consequent adverse effects in patients
treated with olanzapine [41], clozapine [42], or asenapine [43], all related to CYP1A2, while favoring
the use of aripiprazole or risperidone in those who have a wt-like haplotype in CYP2D6 [44–49]
and CYP3A4 [44,50] cytochromes, a situation frequently found in our population.
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The significant decrease in the mean dose of neuroleptic per patient should be discussed, together
with the fact of the increase in the prescription of paliperidone and aripiprazole IM (DEPOT), the use of
which doubles and almost triples from the beginning of the study. Aripiprazole is a neuroleptic whose
metabolism develops predominantly in the liver, through the CYP450 system, specifically by CYP2D6
and CYP3A4 cytochromes which, in the vast majority of our patients (more than 80%), presented an
EM phenotype, favoring its use. Paliperidone is an active metabolite of risperidone that has no liver
metabolism. This, together with the fact that they are injectable presentations, favors the prevention of
side effects and adherence to treatment, with its consequent positive effect when assessing therapeutic
success. As mentioned above, there is a decrease in the use of olanzapine (Oral), aripiprazole (Oral),
risperidone (Oral and IM), clozapine (Oral), quetiapine (Oral), asenapine (Oral), and paliperidone
(Oral) in favor of these long-lasting injectable presentations, presenting better compliance, a potential
decrease in hospital admissions, and a reduction in adverse effects. The preference in the use of
these antipsychotics is largely determined by the profile of adverse effects associated with them,
influenced by the rational approach that this study proposes. In our sample, DEPOT antipsychotics
are prescribed frequently as monotherapy and the patients are administered a standardized dose by
sanitary personnel, ensuring treatment compliance. Furthermore, gastrointestinal absorption variables,
not always totally controlled in this type of patients (such as alcohol consumption), are nullified.
One of the main problems of polytherapy is the potential presence of pharmacological interactions,
which may lead to an alteration of the biological availability of one of the drugs involved, with the
consequent alteration of the therapeutic effect on its target and the presence of possible adverse effects.
Drug-induced phenoconversion during routine clinical practice remains a major public health issue (27).
This phenomenon needs to be well addressed by precision medicine approaches focused in the drugs
in the context of the patient prescription and oriented not only to genotype but considering drug–drug
and gene–drug interactions. In fact phenoconversion has been previously called the Achilles’ heel
of personalized medicine reporting three principal concerns; drugs susceptible to phenoconversion,
co-medications that can cause phenoconversion, and dosage amendments that need to be applied
during and following phenoconversion (27).
The application of 5SPM has helped us to significantly reduce interaction in our patients, either
by an increase in the use of drugs not metabolized by the CYP450 system, the decrease in polytherapy
previously exposed, or the possible didactic role on medical personnel that the implementation of
pharmacogenetic analysis may have provided, regarding the role of the CYP450 system in antipsychotic
metabolism. This methodology has led to the discovery of a large number of cases in which there was
a problem in the pharmacotherapy due to the metabolism mainly mediated by CYP1A2. In the vast
majority of cases, the dose administered per patient has been reduced, as well as cases of polytherapy.
It should be noted that the use of DEPOT presentations of drugs such as paliperidone (not metabolized
by the CYP450 system) or aripiprazole (whose predominant pathway within the CYP450 system is
CYP3A4, which presents a wt-like genotype in the vast majority of the study population) has been the
solution for the majority of problematic cases, because of the pharmacogenetic profile of the sample,
even considering that each patient was studied individually attending its personal genetic implications.
In conclusion, the success achieved in reducing the average dose of antipsychotic administered per
patient, which has in turn facilitated the avoidance of a large number of adverse effects and potentially
reduced the cost per patient, may be due to the combination of applying a methodology such as 5SPM,
focused on the genetic and environmental circumstances of the patient alongside the rise of DEPOT
prescriptions, which facilitate adherence to treatment and the use of standardized doses.
Supplementary Materials: The following are available online at http://www.mdpi.com/2075-4426/10/4/289/s1.
Figure S1: 5 Step precision medicine model.
Author Contributions: Conceptualization, M.J.G.-S., M.Á.F.-M., and M.I.-G.; methodology, L.C.-L., I.R.-G., M.I.-G.;
software, L.C.-L., I.R.-G.; validation, M.I.-G., M.B.G.-B., E.M.-V.; formal analysis, L.C.-L., I.R.-G.; investigation,
L.C.-L., I.R.-G.; resources, S.S.-I., C.L., M.Á.F.-M.; data curation, L.C.-L., I.R.-G.; writing—original draft preparation,
L.C.-L., I.R.-G.; writing—review and editing, M.I.-G., A.S.-M.; visualization, L.C.-L., I.R.-G., M.I.-G.; supervision,
J. Pers. Med. 2020, 10, 289 13 of 16
M.I.-G.; project administration, M.Á.F.-M., M.J.G.-S., and M.I.-G.; funding acquisition, M.Á.F.-M. and M.I.-G.
All authors have read and agreed to the published version of the manuscript.
Funding: This research received no external funding.
Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.
References
1. Turner, T. Chlorpromazine: Unlocking psychosis. BMJ 2007, 334 (Suppl. 1), s7. Available online:
https://www.bmj.com/content/334/suppl_1/s7 (accessed on 4 November 2020). [CrossRef] [PubMed]
2. Pieters, T.; Majerus, B. The introduction of chlorpromazine in Belgium and the Netherlands (1951–1968);
tango between old and new treatment features. Stud. Hist. Philos. Sci. Part C Stud. Hist. Philos. Biol.
Biomed. Sci. 2011, 42, 443–452. [CrossRef] [PubMed]
3. Naber, D.; Haasen, C.; Perro, C. Clozapine: The first atypical antipsychotic. In Atypical Antipsychotics;
Springer Science and Business Media LLC: Berlin/Heidelberg, Germany, 2000; pp. 145–162. Available online:
https://link.springer.com/chapter/10.1007/978-3-0348-8448-8_8 (accessed on 4 November 2020).
4. Lally, J.; MacCabe, J.H. Antipsychotic medication in schizophrenia: A review. Br. Med. Bull. 2015, 114,
169–179. Available online: https://pubmed.ncbi.nlm.nih.gov/25957394/ (accessed on 4 November 2020).
[CrossRef] [PubMed]
5. Heuvel, L.L.V.D. Stahl’s essential psychopharmacology: Neuroscientific basis and practical applications
(4th edition). J. Child Adolesc. Ment. Health 2014, 26, 157–158. Available online: https://www.tandfonline.
com/doi/abs/10.2989/17280583.2014.914944 (accessed on 4 November 2020). [CrossRef]
6. Shenoy, S.; Amrtavarshini, R.; Bhandary, R.P.; Praharaj, S.K. Frequency, reasons, and factors associated
with antipsychotic polypharmacy in Schizophrenia: A retrospective chart review in a tertiary hospital in
India. Asian J. Psychiatry 2020, 51, 102022. Available online: https://linkinghub.elsevier.com/retrieve/pii/
S1876201820301337 (accessed on 4 November 2020). [CrossRef]
7. Lin, S.K. Antipsychotic Polypharmacy: A Dirty Little Secret or a Fashion? Int. J. Neuropsychopharmacol.
2020, 23, 125–131. Available online: https://academic.oup.com/ijnp/article/23/2/125/5684986 (accessed on
4 November 2020). [CrossRef]
8. Yamanouchi, Y.; Sukegawa, T.; Inagaki, A.; Inada, T.; Yoshio, T.; Yoshimura, R.; Iwata, N. Evaluation
of the individual safe correction of antipsychotic agent polypharmacy in Japanese patients with chronic
schizophrenia: Validation of safe corrections for antipsychotic polypharmacy and the high-dose method. Int.
J. Neuropsychopharmacol. 2014, 18. Available online: https://pubmed.ncbi.nlm.nih.gov/25522380/ (accessed on
4 November 2020). [CrossRef]
9. Kamei, H.; Yamada, H.; Hatano, M.; Hanya, M.; Yamada, S.; Iwata, N. Effectiveness in Switching
from Antipsychotic Polypharmacy to Monotherapy in Patients with Schizophrenia: A Case Series.
Clin. Psychopharmacol. Neurosci. 2020, 18, 159–163. [CrossRef]
10. Kasteridis, P.; Ride, J.; Gutacker, N.; Aylott, L.; Dare, C.; Doran, T.; Gilbody, S.; Goddard, M.; Gravelle, H.;
Kendrick, T.; et al. Association Between Antipsychotic Polypharmacy and Outcomes for People With Serious
Mental Illness in England. Psychiatr. Serv. 2019, 70, 650–656. Available online: https://pubmed.ncbi.nlm.nih.
gov/31109263/ (accessed on 4 November 2020). [CrossRef]
11. König, I.R.; Fuchs, O.; Hansen, G.; Von Mutius, E.; Kopp, M.V. What is precision medicine? Eur. Respir. J.
2017, 50, 1700391. [CrossRef]
12. Carrasco-Ramiro, F.; Peiró-Pastor, R.; Aguado, B. Human genomics projects and precision medicine. Gene Ther.
2017, 24, 551–561. [CrossRef] [PubMed]
13. Beckmann, J.S.; Lew, D. Reconciling evidence-based medicine and precision medicine in the era of big data:
Challenges and opportunities. Genome Med. 2016, 8, 1–11. Available online: https://pubmed.ncbi.nlm.nih.
gov/27993174/ (accessed on 4 November 2020). [CrossRef] [PubMed]
14. Liperoti, R.; Bernabei, R.; Onder, G. Managing Antipsychotic Medications in Schizophrenia: Comprehensive
Assessment and Personalized Care to Improve Clinical Outcomes and Reduce Costs. J. Clin. Psychiatry 2015,
76, e1159–e1160. Available online: http://www.psychiatrist.com/jcp/article/pages/2015/v76n09/v76n0922.aspx
(accessed on 4 November 2020). [CrossRef] [PubMed]
J. Pers. Med. 2020, 10, 289 14 of 16
15. Osmanova, D.Z.; Freidin, M.B.; Fedorenko, O.Y.; Pozhidaev, I.V.; Boiko, A.S.; Vyalova, N.M.; Tiguntsev, V.V.;
Кoрнетoвa, Е.; Loonen, A.J.M.; Semke, A.V.; et al. A pharmacogenetic study of patients with schizophrenia
from West Siberia gets insight into dopaminergic mechanisms of antipsychotic-induced hyperprolactinemia.
BMC Med. Genet. 2019, 20, 35–44. Available online: https://pubmed.ncbi.nlm.nih.gov/30967134/ (accessed on
4 November 2020). [CrossRef]
16. Lee, B.S.; McIntyre, R.S.; Gentle, J.E.; Park, N.S.; Chiriboga, D.A.; Lee, Y.; Singh, S.; McPherson, M.A.
A computational algorithm for personalized medicine in schizophrenia. Schizophr. Res. 2018, 192, 131–136.
Available online: https://pubmed.ncbi.nlm.nih.gov/28495491/ (accessed on 4 November 2020). [CrossRef]
17. Li, N.; Cao, T.; Wu, X.; Tang, M.; Xiang, D.; Cai, H. Progress in genetic polymorphisms related to lipid
disturbances induced by atypical antipsychotic drugs. Front. Pharmacol. Front. Media 2020, 10. Available
online: /pmc/articles/PMC7011106/?report=abstract (accessed on 4 November 2020). [CrossRef]
18. Urichuk, L.; Prior, T.I.; Dursun, S.; Baker, G. Metabolism of Atypical Antipsychotics: Involvement of
Cytochrome P450 Enzymes and Relevance for Drug-Drug Interactions. Curr. Drug Metab. 2008, 9,
410–418. Available online: http://www.eurekaselect.com/openurl/content.php?genre=article&issn=1389-
2002&volume=9&issue=5&spage=410 (accessed on 4 November 2020). [CrossRef]
19. Herbild, L.; Andersen, S.E.; Rasmussen, H.B.; Jürgens, G.; Werge, T. Does Pharmacogenetic Testing for
CYP450 2D6 and 2C19 Among Patients with Diagnoses within the Schizophrenic Spectrum Reduce Treatment
Costs? Basic Clin. Pharmacol. Toxicol. 2013, 113, 266–272. [CrossRef]
20. Lu, Y.F.; Goldstein, D.B.; Angrist, M.; Cavalleri, G. Personalized medicine and human genetic diversity.
Cold Spring Harb. Perspect Med. 2014, 4. Available online: https://pubmed.ncbi.nlm.nih.gov/25059740/
(accessed on 4 November 2020). [CrossRef]
21. Pina-Camacho, L.; Díaz-Caneja, C.M.; Saiz, P.A.; Bobes, J.; Corripio, I.; Grasa, E. Estudio farmacogenético del
tratamiento a largo plazo con antipsicóticos de segunda generación y sus efectos adversos metabólicos (Estudio
SLiM): Justificación, objetivos, diseño y descripción de la muestra. Rev. Psiquiatr. Salud. Ment. 2014, 7, 166–178.
Available online: https://pubmed.ncbi.nlm.nih.gov/25440735/ (accessed on 4 November 2020). [CrossRef]
22. Ravyn, D.; Ravyn, V.; Lowney, R.; Nasrallah, H.A. CYP450 Pharmacogenetic treatment strategies for
antipsychotics: A review of the evidence. Schizophr. Res. 2013, 149, 1–14. [CrossRef] [PubMed]
23. Javaid, J.I. Clinical pharmacokinetics of antipsychotics. J. Clin. Pharmacol. 1994, 34, 286–295. Available online:
https://pubmed.ncbi.nlm.nih.gov/7911807/ (accessed on 4 November 2020). [CrossRef] [PubMed]
24. Moons, T.; De Roo, M.; Claes, S.; Dom, G. Relationship between P-glycoprotein and second-generation
antipsychotics. Pharmacogenomics 2011, 12, 1193–1211. Available online: https://pubmed.ncbi.nlm.nih.gov/
21843066/ (accessed on 4 November 2020). [CrossRef] [PubMed]
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